Summary.
Ciliogenesis in the epithelium of the oviduct ampulla of 5-9 day-old mice has been investigated by electron microscopy. As reported by many investigators, fibrous granules, deuterosomes, and procentrioles are important for ciliogenesis.
After injection of colchicine, fibrous granules desappear, while numerous coated vesicles and lysosome-like dense bodies appear in the same region, and the formation of deuterosomes and procentrioles is impeded. In the ciliogenic cell, the Golgi apparatus, consisting of numerous vesicles, is very well developed, and a large number of microtubules are distributed between the supranuclear and apical cytoplasm.
In addition to these, many small vesicles, some of which are fused with the plasma membrane, occur in the apical cytoplasm.
These vesicles, which may be derived from the Golgi apparatus, are considered to be necessary for the apical plasma membrane, because the protrusion of cilia requires additional plasma-membrane substance during their differentiation and development. The microtubules, some of which are connected with these vesicles, might play some role in the movement of these vesicles from the Golgi field to the apical cytoplasm.
When colchicine is administered to suckling mice, formation of microtubules is blocked in the upper part of the ciliated cell, and the apical vesicles disappear.
This also indicates that the microtubules bring the vesicles from the Golgi field to the apical region of the cell.
Though
the main process of ciliogenesis in the ciliated epithelium has been clarified by many investigators (BIAVA and MATSUURA, 1967; SOROKIN, 1968; BRENNER, 1969; ANDERSON and BRENNER, 1971; DIRKSEN, 1971) , details of this process remain unsolved. The present study deals with the mechanism of the provision of a great deal of ciliary plasma membrane required for the development of cilia, and morphological changes of ciliogenesis after the administration of colchicine.
Materials and Methods
body weight) was injected into some of these mice intraperitoneally 6, 9 and 24hrs before sacrifice. The ampullae of the oviducts of these animals were rapidly excised and immersed in the mixture of 2% paraformaldehyde and 1% glutaraldehyde solution buffered at pH 7.4 with 0.1M cacodylate buffer for 10min and the tissues were postfixed in 1% OsO4 solution buffered at pH 7.4 with 0.2M Millonig's phosphate containing 5% sucrose for 1hr.
After dehydration with graded concentrations of alcohol, the tissues were embedded in Epon epoxy resin. Thin sections, cut on a Porter-Blum MT-2 ultramicrotome, picked up on copper grids, stained with uranyl acetate and lead acetate, were examined in a Hitachi HU-11D type electron microscope.
Observations
The oviduct ampulla epithelium of 5-9 day-old mice has a few ciliated cells and many cells in the differentiating process of cilia.
The first morphological sign for ciliogenesis is an appearance of numerous small, round and electron dense granules in the supranuclear region of the cell (Fig. 1) . These granules which have been named fibrous granules are 50-70nm in diameter and without limiting membrane. The region of the aggregates of the fibrous granules is quite free from the ribosomes.
The second morphological sign for ciliogenesis is an appearance of deuterosomes.
Several deuterosomes, which are higher in electron density than the fibrous granules, are mostly recognized in the region of aggregates of the fibrous granules.
This structure is classified into two types. One is pearance of procentrioles. The procentrioles in various developmental stages as either merely clusters of electron dense mass or almost matured centrioles are located around the deuterosomes frequently making a spoke-like arrangement (Fig.  1) . The procentrioles associated with a hollow deuterosome look more matured than those around a solid one, and the hollow deuterosome tends to localize more in the upper part of the cytoplasm than the solid one does. Some procentrioles are also seen around the diplosomal centrioles (Fig. 2) .
procentriole leaves the deuterosome and migrates to the apical surface of the ciliogenic cell, where the basal body is matured, and the ciliary bud pushing up the plasma membrane is formed.
In the apical cytoplasm of the ciliogenic cells are numerous vesicles 70-140nm in diameter, some of which are frequently fused with the apical plasma membrane (Fig. 3) . In the more matured ciliated cells, similar vesicles are also distributed near the luminal surface.
In addition to these, well developed Golgi apparatus in the supranuclear region and many microtubules in the apical cytoplasm are characteristic for the ciliogenic cell. The Golgi apparatus consisting of numerous vesicles 40-120nm in diameter in the ciliogenic cell is more extensive than that in the matured Fig. 3 An apical portion of a ciliogenic cell of a 7 day-old mouse oviduct. Numerous vesicles 70-140nm in diameter are seen in the apical cytoplasm. Some vesicles are fused with the apical plasma membrane and elements of luminal plasma membrane are increased (arrows). L oviduct lumen, D deuterosome, P procentriole, F fibrous granu-often extend from the apical surface to the supranuclear region where numerous vesicles aggregate (Fig. 5) . Some vesicles are connected with the lower tips of the microtubules (Fig. 6) . A few microtubules are also observed in the extensive Golgi field. The partly matured ciliated cells also show the microtubules and vesicles in the apical cytoplasm (Fig. 7) . When colchicine is injected into the animal, marked changes appear in the ciliogenic cells. The procentriole formation almost ceases in the ciliogenic cell 6hrs after the administration of colchicine. The deuterosomes as well as procentrioles become difficult to recognize 9hrs after the injection. In addition, the fibrous granules disappear while small coated vesicles 80-120nm in diameter and clusters of lysosome-9). The majority of the microtubules and vesicles located in the apical cytoplasm of the normal ciliogenic as well as the partly matured ciliated cells disappear after the administration of colchicine (Fig. 10) . Colchicine, however, has no apparent effect on the fully differentiated basal bodies and cilia.
Discussion
As reported by many investigators of various organs (SOROKIN, 1968; STEINMAN, 1968; BRENNER, 1969; ANDERSON and BRENNER, 1971; DIRKSEN, 1971) , the initial event in ciliogenesis in the mouse oviduct epithelium is an appearance of fibrous granules and of deuterosomes, and a development of procentrioles.
As to the origin of the fibrous granules, three opinions have been given: the fibrous granules are originated from the diplosomal centrioles (KALNIS and PORTER, 1969) , from the Golgi apparatus (SOROKIN, 1968) or from the cell nucleus (ANDERSON and BRENNER, 1971) . Our observation demonstrates that the Golgi apparatus in the ciliogenic cell is more extensive than that in the matured ciliated cell and the fibrous granules and procentrioles are found around the diplosomal centrioles. The Golgi apparatus is considered to play a role in the synthesis of fibrous granules, and the diplosomal centrioles could synthesize fibrous granules and procentrioles.
The fibrous granules have been considered to consist of aggregates of microtubule protein (tubulin) by STAPRANS and DIRKSEN (1974) and to be a centriole precursor by STEINMAN (1968) . In our study, by administration of colchicine which has been believed to combine with tubulin and inhibit the polymerization of microtubules (BORISY and TAYLOR, 1967) , the fibrous granules disapper, while the coated vesicles and lysomelike dense bodies appear in the same region and the new formation of the procentrioles is impeded. Deuterosomes, which are regarded as the organizer of the procentrioles by ANDERSON and BRENNER (1971) , may be derived from the fibrous granules, because the administration of colchicine induces the degeneration of the fibrous granules and inhibits deuterosome production.
The fibrous granules are considered to degenerate and be disposed by lysosome-like dense bodies which appear numerously after the injection of colchicine.
For the development of cilia, a good deal of plasma membrane substance is required for the ciliary plasma membrane.
From our observations, it is considered that the ciliary membrane is provided from the apical cytoplasmic vesicles which fuse with the apical plasma membrane.
The Golgi apparatus of this stage is extremely well developed and consists mostly of numerous vesicles. This fact suggests that the apical vesicles are derived from the Golgi field. In addition, well developed microtubules are seen between the apical surface and the supranuclear region where numerous vesicles accumulate, and some vesicles are connected with the lower tips of the microtubules. From these facts it is considered that the apical vesicles are transported by the microtubules from the supranuclear region. Numerous vesicles are also distributed around the basal bodies even in the partly matured ciliated cell as reported by MATULIONIS and PARKS (1973) and CORDIER (1976) . When colchicine is administered to suckling mice, the formation of the microtubules in the apical cytoplasm is diminished and the vesicles near the luminal surface disappear. This fact also suggests that the microtubules transport the vesicles, which are utilized for the ciliary membrane, to the luminal surface in the ciliogenic and ciliated cell. STUBBLEFIELD and BRINKLEY (1969) reported that colcemid (N-deacetyl-N-methyl colchicine) prevents the growth of the ciliary bud in vitro. However, colchicine has no apparent influence on the fully differentiated cilia in vivo as STEIMAN (1970) reported in vitro. 
